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Method and recorder for Tecording data on a record cairier when, 
encountering a write error. 

Thd mvention relates to a method for recording data on a write once record carrier 

witibi sequential write access and a recorded area indicator and a last recorded data 

block "With a location^ 

comprising the steps of 

^ recording information in a data block 

- updating the recorded area indicator to reflect ^ recording of information in Hie 
datablodc 

md to a recorder for recording infonnation on a vvrite once record carder with 
sequential write access and a recorded area indicator and a last recorded data block 
wifh a location, the recorder compdsing a controller means^ writins means, data 
retrieval meax^, and location of last recorded data blodc where the conliol means is 
operative to record in&nnation in a data block segnendally following the last 
recorded data block. 

Such amethod is known from state of the art recorders for optical recording media. 
An example of such a recorder is a DVD or Blue Disk recorder capable of recording 
on a D VD+R or DVD-R or Blue Disk recording medium They comply with the 
DVD+R or Blue Disk standard. Those staodards prescribes that when a recording is 
resmned on a write once medium the data block following the last recorded data block 
must be the first data block to be recorded. Qn the recording medium defects can be 
present in BCC blocks that lead to errors in the data recorded in those ECC blocks. • 
The recorder aborts the recording when an error is detected in an ECC block, 
When recording video data in DVD+VR format all of the video data is placed in a 
single track. A write erix>r ze^altmg in a defect ECC block results in an unusable 
recording medium. 

The draw back of such a mettiod is that flie recorder must discard the write once 
record carrier. 
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It is an objective of tiie presmt invention to provide a mefhod for recoiding on a 
recording medium that allows tbe recording to be resumed regardless of the presence 
of data blocks compii^g a write enor. 

To achieve this objective the method is characterized in that Ifoe method farther 
comprtees the following steps if a data blocic with "Wiite eiror is detected: 

- determining the location of the last recorded data block using ixkfoimation fcom fiie 
recorded area indicator; 

» searching for an empty data block sequ^lially following the last recorded data 
block 

- recording infi>rmation in the empty data blocjc sequentially fbllowing fbs last 
recorded data block. 

Instead of discarding ihe recording medium the recording can be resumed by 
searching a section of the record carder cornpii^ing a limited number of data blocks as 
indicated by fbe recorded area indicator as comprising the last recorded data block» 
6li;^ing the data block or tbta blocks that sequentially follow last recorded data 
block by searching for an eo^ty data block and resuming the recording starting with 
die empty data block fbund. 

A playback device that will later playback the record carrier is not afiEbcted by the 
skq>ped data blocks since it will ignore these data blocks and will condrme the 
playback with tiae first seqnentialiy found data block that is not de&ctive. 
The record cazrier no longer has to be discarded dndng tbe recording operation 
because of a write ecror^ thus achieving ihe objective of the invention* 
The recoETded area indioator provides an indication wbidx section of the recording 
medium is already recorded and which section remains empty. Because the recording 
medium is recorded in a sequential &diion, the last recorded data block can be found 
at the boundary between the section already recorded and tile section that is still 
enipty. 

The presence of skipped data blocks in fbe section abeady recorded is consequently of 
no influence to the searching of the last recorded data block when using tins melbod^ 
rendering a recording medium with skipped data blocks suitable for resuming 
recordings. 
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An embodiment of the method is characterised in that the infomiation from the 
recorded area indicator comprises an indication of a set of contiguoufi data blocks 
cMiprising the last recorded data block. 

The recorded area indicator represents the data blocks already recorded with an entry 
in tiie recorded area indicator. Each entry represents a predetermined number of data 
blocks. Consequmtly an entry can represent a single data block or it can represent 
miijtiple data blocks. WJien the entry represents a single data block, applying the 
method only involves determining the last entry in the recorded area indicator, and 
translating Ihis entry into the exact location of the last recoided data block. When the 
entry r^xresents multiple recorded data blocks^, flying the method involves 
determining the set of data blocks comprising the last recorded data block and 
subsequ^tly searching this limited nmriber of data blocks on the recording medium to 
find the last recorded data block, Subsequently after the last recorded data block has 
been feund the data blocks comprising a write error are skipped by searching for an 
empty date, block. A data block comprising a write error is not empty so searching for 
an empty data block automatically means ttjat data blocks comprising a writ© eoror are 
skipped because th^r do not qualify as empty. 

A fiiitfaer embodiment of the method is characterized in that based on the indication of 
a set of contiguous data blodfis comprising the last recorded data block the set of 
contiguous dala blocks is seacdied for the location of the last recorded data block. 

When the onJiy r^tesents multiple recorded data blocks, ^plying the meEhod 
involves determining the set of data blocks comprising the last recorded data block 
and subsequenfiy seardhing this limited number of data blodks oa the recording 
medium to find fiie last recorded data block. 

Because this seaxdh is liniited to the set of data blocks indicated by tberecotded area 
indipatat as comprising the last recorded data block the search can be perfenned in an 
acceptable amount of time. 

Bven if the set of data blocks indicated by the recorded area indicator as comprising 
the last recorded data block comprises ^pped data blocks, the search is not hampered 
because the last recorded da^ block can be fbund by searching from the end of the set 
of data blocks, thus completely ignoring the presence of fiikipped data blocks before 
the last recorded data block because the search does not involve the data blocks before 
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the last recorded data block. 

Alternatively fbst search can start fiom tbd beginQing of the set of data blocks 
indicated by the recorded area indicator. When skipped data blocks are encotmtered 
the searcdL can continue in order to ffltsare that the last recorded data block is found. 
Since the search does not extend beyrad the set of data blocks indicated by the 
recorded area indicator the search efibrt is still limited and can be perfozined in an 
acceptable amouDt of time. 

In this way the recorder does no longer need to search the entire disk and is no icmgex 
a£fected by Ihe presence of skipped data blocks, making it feasible to resume 
recordmg on the recording medium m m acc^table amount of time. 
Well knovm techniques for finding I3ie first empty data block sequentially following 
the last recorded datablock can be aiiplied. 



A recorder aocordmg to the invention is oharactCEized in that the controller means is 
coupled to tiie data retrieval means and is operative to retrieve the recorded area 
indicator using the data retdeval means and is fiirther operative to search an empty 
data block sequentially following the last recorded data block using the data retrieval 
means and the recorded area indicator. 

Instead of searching the entire recording mediom to locate the last recorded data block 
the records can retdeve the recorded area indicator ftom the recording medium. The 
recorded area indicator provides an indication vAddii section of I3ie recording medium 
is already recorded and which section remains empty. Because the recording medium 
is recorded in a sequential !&&hion,» the last recorded data bkuck can be found at the 
boundary between the section already recorded and the section that is still empty. 
The presence of sidpped data blocks in the section already recorded is consequently of 
no influence to the searching of the last teooided data block when using this method^ 
rendering a recording medium with ^pped data blocks suitable Sat resuming 
recording. 

By subsequently searching for an empty datablock sequentially following the last 
recorded data block any data block comprising a write error are skipped and die 
recording can be resumed starting at the empty data block. 
Thus the loss of the write once recording medium is avoided. 
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An embodiment of the recorder is characterized to that the recorded area todicator 
comprises an indication of a set of contiguous data blocks comprising the la^rt; 
recorded data block. 

The recorded area indicator represents the data blocks afready recorded ivith an entry 
in the recorded area^indicator. Each entry represents a predetermined number of data 
blocks, Conseqoenlly an entry can represent a singje data block or it can r^esent 
multiple data blocks. When the entry represents a smgle data blocks applying the 
method only involves determining the last entry in the recorded area indicator, and 
translating this entry into the exact location of the la$t recorded data block. When the 
entry represents multiple recorded data blocks, applying the method involves 
detennimng the set of data blocks comprising the last recorded data block and 
subsequently searching this limited number of data blocks on the recording medium to 
find the last xecoided data blodc 



A flirther eoobodimeDt of the recorder i s characterized in that based on tiie indication 
of a set of contiguous data blocks conqirisine the laist recorded data block the set of 
contiguous data blocks is searched for the location of tihe last recorded data block* 
When the entry represents mnlttple recoided data blodo^ a^Jplying the method 
involves detemuning Hie set of data blocks con^rising the last recorded data block 
and subsequently soard^g this liinited number of data blocks on the recording 
medium to Sod the last recorded data block. 

Because ftis search is limited to the set of data blocks indicated by -Qie recoided area 
indicator as comprising the last recorded data block &e search can be perfinmed in an 
accept^Ie amount of time. 

Even if the set of data blocks indicated by the recorded area indicator as comprising 
the last recorded data block courses skipped data blodfs. the search is not hantpered 
because the last recorded data block can be found by searching fiom the end of the 
set of datablocks, thus completely ignoring the presence of skipped data bloaks 
before the last recorded data block because the search does not involve the data blocks 
before the last recorded data block. 
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AJtematively the search can start from the beginning of the set of data blocks 
indicated by the recorded area indicator. When skipped data blocks are encomitered 
the search can continue in order to ensure that the last recorded data block is found- 
Since fhQ search does not extend beyoad tlie set of data blocks indicated by tiic 
recorded area indicator the search effort is still Kmited and can be performed in an 
acceptable amount of time, 

In this way the recorder does no longer need to search the entire disk and is no longer 
affected by &e presence of skipped data blocks, making it feasible to resume 
recording on the recording medium in an acceptable amount of time. 



The invention wiH now be discitssed based on figui^s* 



Figure 1 $bow$ a disc with a write OTor as resulting from applying the prior art 
Hgoxe 2 shows a disc with a write enror as recorded using the present invention 
Figure 3 shows a flow diagram of the method of the invention 
Figure 4 shows arecorder 

Figure 1 shows a disc with a write etrcx* as resulting &am applying thje prior art. 
A track 1 on a record earner conqsiises a lead-in section 2 reserved for writing leadrin 
infisrmaQon^ a recorded area 3, a data blook conopcising data block 4 comprising a 
write error and aa empty section 5 conEpcising empty data blocks* 
Whsn the recordfir starts recording the data on the record carrier it successively writes 
sequentially aimged data blocks. This results in a recorded area 3 . The lead-in 
iu£9mation aitd load-out infiomiatioa is at Ihis point not yet recorded since that is 
doiie when the ecDtire tn3£^ 1 has beeti reoo^ 

When Ihfi recorder encounters a data block 4 comprisins a write error, which may be 
caused by sur&ce damage or contatninatioii or a loss of tracking during the write 
opezation, the recorder aborts the recording operation. Consequently the empty 
section conqmsing empty data blocks will not be recorded. Hie lead-fn and lead-out 
iuformation are not recorded on the record carrier resulting in an unruseable xecoid 
carrier. 



Figure 2 shows a disc with a write error as recorded usmg the present invention 
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A track 21 on a record canier comprises a lead-in section 22 reserved for writing 
lead-in infoimation, a recorded area 23. a data block comprising data block 24 
comprising a write error and an empty sectictt 25^^7 comprising exapty data 
blocks. 

When &e recorder starts recording tlie data on the record carrieo: it successively writes 
sequentially airanged data blocks. This results in a recorded area 23. The lead-in 
lafoimaaon and lead-out infommion is at tins point not yet recorded since that is 
done when flie entire track 21 lias beew recorded. 

When the recorder encoimters a data block 24 comprising a write error, which may be 
caused by surfece damage or contamination or a loss of tracking during the write 
operation, the recorder aborts the recording operation. Subsequently ihe recorder 
retrieves the recorded area indicator feom the record earner. Based on the recorded 
area indicator the recorder searches fortiie last recorded data block which is the last 
correctly recorded data blodc of flie recorded are 23 . Once tiiis last recorded data 
block is fbund the recorder searches for an empty data block 25 sequentially 
following on the last recorded data block, i, e. subsequently following on the recorded 
area 23. The data block 24 comprising the write error is not anpty since some data 
has been written and is tlii» skipped by the records. The recorder resumes the 
recording withUie first en^ty data block 25 found, coxnplethig the recording by 
recording the lemamiog data section 26 of &e track. 

FinaUy &e lead-in infiamstion is recorded in tii© lead-in section 22 and the lead-out 
information is recorded in the lead-out sectSoti 27, 

The reseat of Has is arecord canlerHxat can be played by plajrbaok devices since all 
reJevant infozmation is present on fb» record oander and the data blodc 24 skipped 
daring recording Is also skipped by the playback device because of Hie read emw 
resulting ftom the write ewor. Tlie record carrier is &us no longer discarded by the 
recorder. 

¥ieas& 3 diows a flow diagram of &e method of the inventioa 

The first step comprises the recording of data in data blocks. 

Snbseqoently, in Ibe second st^ the recorder ciheoks whether write rarors ocouned. 

This can be done via data verificatian» i.e. read after writ^ or by detecting loss of 

tracking. If no write enor is detected the recorder returns to ttie first st^ and the 

recording operation is continued if reqtdred 
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Wben a mite error i$ detected fhe records aborts tbe i:ecordmg operation and 
proceeds to the fibird step wh^e the recorded area indicator is retrieved^ either firom 
memoxy or from the record carrier. Retrieving the recorded area indicator firom the 
record carrier allovrs the record earner to he removed from ibe recorder before 
resuming the recording operation, &r instance to clean the sur&ce of the record 
carrier. The reccnded area indicator provides infbtmation about v\^bich groups of data 
blocks have beexx recorded and which data blocks are still available for recording. 
Becauae Che record oanier is sequentially recorded the last entry in the recorded area 
iTjidicator indicating a recorded group of data blocks cdresponds to a group of data 
blocks on fhe record carrier comprising the last recorded data block. 
In the fburth step fhe recorder seaiche$ fb& group of datablodcs indicated by the 
recorded area indicator as comiirising fhe last recorded data block &r the laat recorded 
data block. 

Following fbis laat recorded data block tibere may be data block coi]:q)iising write 
errors and &e recorder must ensure lhat no new attempt to record data in liiese data 
blocks is att^npted. The recorder instead searches, in the fifHi step, for die next 
available empty <lata block sequentially following on fhe last recorded data block and 
dms also following fhe data blocks comprising a write etror. In fhe sixth step the 
recorder resume fhe recording in the first empty data block sequentially following fhe 
last recorded data block as found in respectivdy Oie fourth step and fhe fifth step. 
It is clear that the recorder with the sixth step efi^tively returns to the state of the 
first step when writing, i.e. forther write enx>rs lead to a repeat of the procedure 
outlined in figwxe 3. 

Once all data has been recorded the record carrier is finalized by recording the lead-in 
and lead'^out infoxnciatLon. 

Figure 4 shows a recorder 

The recorder 30 for recording infoimation on a record carrier comprises a processor 
31 coupled to an interface 32 for receiving a format command or a close track session 
command through the interface 32 and i& coupled to writing/reading means 33 in the 
foim of a basic bit engine fbr writing data. 

The processor 3 1 receives information &Qm the writing/reading means 33 about write 
errors, for instance information about loss of tracking during the recording operation. 
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Tbeprooesaor processes this infoxtnatiiMi aibout write errors and provides this 
iofoimation to a higher level appiio&ticm or another device coupled to the recoider via 
the interfece 3Z, Alternatively the recorder 30 may act on the write error information 
independently and provide no infommtion aboijt the write mor via the interface 32. 
The recorder fiirther comprises a memory 35 coupled to the processor 31, and a user 
I/O device such as a keyboard/screen combination 36. 

The method maybe nselby either the recorder 30 or liie higher level appKcation or 
the meflwd may be spKt up in tasks where the tasks are divided over liie recozder and 
the hi^ier level application svwdi as a video recording application. 
Pot instance flie recording of the data can be controlled by the higher level application 
wMte fb» detection of liie write errors must be performed by Hie recorder- The 
detennination of the last recorded data block based on the recoided area indicator 
in&imalion can be petfiwroedby the higher level appUcaiion while the search for an 
enq}ty data bloci!: can be delegated to the records 3 0. 

If flie recorder 30 is powered down after Hie detection of a write error but before the 
resMttQrtiott of the recording op^on or ttie record carrier is g eoted, ttie retrieval of 
the recorded axea indication ftom fte record carrier allows Hie reooitBng operaHcm to 
be resumed, i^corded area indioator were not used the time needed to locate the 
last recorded data block would become exceissiva 

If Ihe recorder 30 receives the efect disc command via Ihe intec&ce 32 flie recorder 3 0 
operates the loadingmeaas (not shown) to ^eet iheieoaid eatdar conning the 
tQidated recorded area indicator. 
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CLAIMS! 

1 Method for recording data on a ivxite once record carder with sequential write 
access and a recorded area indicator and a last recorded data block with a location, 
comprisiog the step$ of 

" recording information in a data block 

- updating the recorded area indicator to reflect the recording of ii^foimation in the 
data block 

(diacacte£i2»9d in that the method &ix^gc comprises the following steps if a data block 
with write ertOT is detected: 

- detennining the location of the last recorded data block using information fiom the 
recorded acea indicator; 

- searching for an eo3pty data block sequentially following the last recorded data 
block 

-recording information in the entity data block sequentially following the last 
recorded data block. 

2 Method as dajmed in claim l^^ 

characterized m that the information firom the re corded area indicator comprises an 
indication of a set of cox^guons data blocks comprising the laM recorded data block. 

3 Method as claimed in olabn 2, 

characterized in ttiat based on flie indication of a set of contigaous data blocks 
comprising the last recorded data block fhe set of contiguons data blocks is searched 
for the location of the last recorded data block. 

4 Recorder for recording information on a write once record carrier with sequential 
write acce$s and a recorded area indicator and a last recorded data block with a 
location, the recorder comprising a controller means* writing means, data retrieval 
means, and location of last recorded data block where the control means is operative 
to record infoimation in a data block sequentially following the last recorded data 
block, 

characterized in that the controller means is coupled to the data retrieval means and is 
operative to retrieve the recorded area indicator using the data retrieval means and is 
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fiirther operative to fie^rch an empty data block sequentially following the last 
recorded data block using the data retrieval meaxis and the recorded area indicator. 

5 Recorder as claimed in claim 4> 

characterized in that the recorded area indicator comprises an indication of a set of 
contiguous data blocks comprising the last recorded data block. 

6 Recorder as claimed in clafan 5, 

characterized in that based on the indioatten of a set of contigaous data blocks 
corapmms the last recorded data block the set of contigoous data blocks is searched 
for the locadon of the last recorded data block. 
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Abstract. 

When a vnite ertor occurs on a write once recardisg medium the recoidiag meditmi is 
omxeatly discarded. By retdeviag fbe location of the last recorded data block from the 
recorded area mdioator on tbe lecoiding medium a starting point for fb& search fbr the 
next empty data block suilaihle fbr lecocding is obtained. By searching for an empty 
data block the data blocks oompxising write ermis following fihe last recorded data 
block are ddpped and the recording is continued at the empl^ data block foundL 
Aft&r finishing the recording and writing the lead-in and lead-out infonziation a record 
canier is obtained that can be played in standard players. 

5ig3 
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Fig 2 
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